INTRODUCTION
Desert areas vary greatly in their aridity, from close to zero to more than 500 mm of annual rainfall. Temperature ranges from more than 50 °C to far less than 0 °C (Ward, 2009 ). Le Houérou (1984) noted that in the north of the Sahara, the coefficient of the annual rainfall variation increased from 25 to 30% in the 400-500 mm zone and to 70-80% in the 100 mm belt. Likewise, the percentage of transpiration attributable to total evapotranspiration varies from 34 to 54% (Reynolds et al., 2000) . In addition, Adams (2010) suggests that the deserts are the ultimate step following the loss of vegetation due to climatic or human induced changes that almost prevent the growth of plants.
There are several ways to approach the study of desert plants and their relationship with environmental factors (Evenari, 1985; Danin, Orshan, 1990; Smith et al., 1997) . Globally, the most common and serious problem affecting drylands is overgrazing. It may be driven by economic pressure, greed, desperation, and, more rarely, ignorance (Danin, Orshan, 1990) . Drought is a common event in rangelands, and severe drought is nothing characteristic of desert areas. Drought is a ubiquitous climatic hazard. It is a recurring climatic phenomenon, and its frequency, duration, intensity, severity and spatial extent all vary with locality and with time (Eldridge, Westoby, Stanley, 1990) . Concern regarding the sensitivity of arid and semi-arid rangeland plant communities to escalating drought is valid based on the long-term vegetation shifts and slow recovery that has been documented globally (Mworiaet et al., 1997; Gamoun et al., 2011; Sasaki et al., 2013; Scasta, Rector, 2014) .
In the arid zones of Africa, drought frequency and intensity have increased over the past three decades (IPCC, 2007) and may constitute one of the main drivers of the reduction in terrestrial aboveground net primary production (Webb et al., 1983) . Shachak et al. (2005) found that drought and rainfall variability are external factors that change the resource base of drylands, have an effect on biodiversity transition, and can transform rangelands of predominantly palatable, perennial grasses to rangelands dominated by unpalatable perennial shrubs, annual grasses, and forbs (O'Connor, 1995).
In southern Tunisia, precipitation is extremely variable in both time and space (Le Houérou, 2009 ) with the result that the desert rangelands have frequent drought periods that have a marked effect on the vegetation (Gamoun et al., 2011) . These desert rangelands are adapted to difficult conditions and are relatively resilient, but heavy grazing pressure can lead to reductions in biomass production (Gamoun, 2013) . Therefore, drought alone cannot be responsible for desertification but would be only one factor.
Grazing has been considered to be one of the key disturbance factors resulting in rangeland degradation, an increase of spatial homogeneity of the rangelands, an alteration of rangelands function, and the loss of species diversity (Van Der Westhuizen, 2005; Roder et al., 2007; Gamoun et al., 2010a Gamoun et al., , 2012 . Furthermore, intense grazing damages primary production, while trampling compacts the soil thereby reducing organic matter and increasing the extent of sandy dunes (Gamoun et al., 2010a) . A recent study which assessed the risks of desertification and used a system stability condition analysis by Ibanez et al. (2008) suggested that overgrazing is a classical agent of land desertification.
Drought and large herbivores frequently influence rangelands (Hild et al., 2001 ), but drought may trigger or accelerate the phenomenon of desertification (Le Houérou, 1996) . Periodic drought has a more detrimental effect on vegetation change when accompanied by heavy grazing (Allen et al., 1995) , whereas periodic grazing during drought has a minimal impact on herbage production (Heitschmidt et al., 2005) . Furthermore, Loeser et al. (2006) showed that episodic drought interacts with grazing, leading to infrequent but biologically important shifts in plant communities and suggested that the importance of climatic variation in determining ecological effects of grazing practices and responses to grazing vary with climatic conditions (Curtin, 2002) . The season and intensity of grazing in relation to species' phenological development is an important factor influencing rates of changes (Williams, 1970; Holmgren, Hutchings, 1972) . Obviously, the precipitation regime can affect the impact of grazing. On a short-term basis, grazing often appears less significant than highly variable precipitation (Hutchings, Stewart, 1953; Turner, 1971; Eldridge et al., 1990) .
Few studies have attempted to unravel the effects of grazing and drought on desert rangelands. It appeared that the negative effects of grazing on natality, mortality, or population turnover can be accentuated for certain species when subject to below average precipitation (Chambers, Norton, 1993) .
Today, given the specter of climate change, understanding the response of vegetation to drought is a crucial challenge. Nevertheless, studies of this type remain difficult because of problems associated with drought quantification, the diverse responses of vegetation types to drought, and the synergistic effects of recent warming on plant ecosystems. Such research would be critical to designing grazing policies that address the resilience of desert rangelands, particularly during droughts.
In this paper, we aimed to understand the effects of drought and grazing and their interaction in the desert rangelands of southern Tunisia.
MATERIALS AND METHODS

Study area
The Elouara region is located in the southeastern part of Tunisia. These desert rangelands are usually characterized by sparse vegetation. The herbaceous layer comprises a mix of grasses, chenopodiaceous species and other plants. While both annual and perennial species occur in Elouara, perennial species strongly dominate the desert rangelands. Soils are mainly of aeolian origin and are predominantly sandy, with variable but generally small amounts of loam and gypsum. The study area has an extremely arid desert climate with a mean annual rainfall of 40-100 mm (Gamoun, 2013 ) of which about 70% is received during the 120-day, mid-October to mid-March growing season ( Fig. 1) . Average daily temperatures range from 11 °C in January to 34 °C in August, with daily maximum temperatures occasionally exceeding 40 °C during summer and daily minimum occasionally dipping below 5 °C during winter. Livestock farming is the main economic activity in Elouara and is essential to the areas for local food security. The principal animals kept are sheep, goats and camels.
Sampling design and methods
During 2008 and 2009, we conducted experiments on two ungrazed and heavily grazed sites that measured plant response to grazing and climatic variation. The protected site (1000 ha) had been protected from grazing over a 3-year period. The unprotected site, located near to the protected site, had been subjected to extensive grazing almost exclusively by sheep and goat to continuous heavily grazing by stocking rate exceeding two head.ha along fourteen 20-m long transects (100 points per transect). Data of plant cover percentage was used to calculate the Shannon-Wiener diversity index (H'). The Shannon-Weiner index which was calculated using the ordinary formula H' = -∑pi Ln pi, where H' is the diversity index and pi is the relative importance value of species i.
In each of the two sites, fourteen subsamples were taken from 2 × 2 m quadrats to determine aboveground plant community productivity. The selection of the plot for sampling was random but measurements were done in sites not grazed during the current growing season. Aboveground biomass production measurements were made during spring of every year and were determined by cutting the herbaceous plant. The collected samples were air dried and weighed for estimation of dry matter production on g/m 2 .
Statistical analyses
Effects of grazing and drought on primary production and plant diversity were analyzed with two-way ANOVA with an experimental wise error of 0.05. Significant differences for all statistical tests were evaluated at the level of P ≤ 0.05. All data analyses were conducted with the SPSS software (SPSS for Windows, Version 11.5, Chinago, IL, USA).
RESULTS
In this desert environment, the response of vegetation to short-term fluctuations in climate is varied. The two years of the study were hydrologically contrasted. The first year, 2008, was humid with 98 mm total rainfall, representing 130% of the annual mean (Gamoun, 2013) . The second year, 2009, was on the opposite very dry, with a total annual rainfall of 40 mm corresponding to 50% of the annual mean. The climatic variation and grazing treatment had significant effects on diversity and production in arid zones.
Diversity index
ANOVA results confirmed significant effects of grazing intensity across the two years of treatments. The diversity index (H') varied significantly between years (F = 139.167, P < 0.001). Similarly, grazing treatment had significant effects on the diversity index (F = 48.441, P < 0.001). Diversity was less on the grazed area compared with the protected ones and tended to be higher during the wet year (2008) and lower during the dry year (2009). There was a significant interaction between grazing treatment and year on diversity (F = 25.405, P < 0.001) as grazing greatly decreased diversity in 2009 compared to 2008 (Fig. 2) .
Species richness
Over the two years, 29 species were recorded in the studied rangelands. Species richness ranged between 4 and 29 species per sample and was highly affected by year (F = 824.386, P < 0.001) and greatly influenced by grazing (F = 405.212, P < 0.001). Richness was the lowest in 2009, the driest year, and the highest in 2008, the year with the highest diversity. Effects of climate and grazing were more complex, with a large year and grazing interaction (F = 84.186, P < 0.001).
The differences in the number of species between grazing treatments were surpassed by the differences recorded between years, the flora being richer in 2008 than in 2009 (Fig. 3) . In 2008, protection from grazing increased flora richness, but decreased it by 23% in 2009 (the driest year). However, heavy continuous grazing decreased flora richness, but the flora was more affected by heavy grazing combined with drought. Species richness was more affected by drought than grazing. It is absolutely that several numbers of grass species, short cycle annuals and xerophytes species were more resistant to grazing intensity than drought.
Over the two years of our experiment, 29 species were recorded in the studied rangelands (Table) . In the heavily grazed site, the species composition, initially 16 species in 2008, decreased to just 7 species in 2009, most of them were perennial. At the ungrazed site, the composition species consisted of 29 species in 2008. Similarly, they tended to decrease during the year 2009. The biggest difference between the two sites was the disappearance of very palatable species in the heavily grazed or grazed site, such as Anabasis oropediorum (Maire), Cutandia dichotoma (Forssk.) Trab., Echiochilon fruticosum (Desf.), and Helianthemum sessiliflorum (Desf.).
The second difference showed by our study is behavior towards disturbance. It seems that several species are sensitive to disturbance whereas others are more resistant. Species in the desert landscapes are more resistant to grazing but compete less effectively for water resources.
Primary production
On the one hand, rangeland production ranged between 82.4 and 222.5 g DM/m 2 /yr. On the other hand, primary production fluctuated between years (F = 57.720, P < 0.001), but it was greater in the ungrazed than in the grazed site. Also, grazing treatment had significant effects on primary production (F = 44.048, P < 0.001). Year-bygrazing treatment interactions were significant (F = 8.331, P < 0.01).
As to primary production, it was lesser in the drought year of 2009 than in the nondrought year of 2008 and lesser in the grazed than in the ungrazed site as well. The only difference found thereafter was that biomass production was greater in the non-drought year 2008 in the grazed site than in ungrazed site in the driest year 2009, but very weak in the drought year under grazing. Consequently, we can deduce that grazing had a smaller influence on rangeland production than drought had. The dynamic of the vegetation was profoundly influenced by the distinct interactions between drought and grazing. Figure 4 shows the mean production on study sites over the two-year period. The figure illustrates that the primary production was 82.4-128.8 g DM/m 2 /yr on the grazed site. While in the protected site, primary production stretched between 119.3 and 222.5 g DM/ m 2 /yr. The difference in terms of biomass on grazed and ungrazed sites was attributed to removal by livestock. Thus, protection from grazing promotes improvement and increases the biomass production of rangelands. Again, it is evident that drought stress led to a severe decline in biomass production both in grazed and ungrazed sites.
DISCUSSION
Desert rangeland may be disturbed by overgrazing or stressed by drought. The time needed for degraded overgrazed rangelands to recover and reach an excellent condition through natural succession differs depending on the climate and vegetation type (Gamoun, Zamouri, 2014) . We noticed that their dynamics presented a strong tendency to vary along with the disturbance gradient. Protected from grazing, the examined parameters: diversity index, species richness and biomass production tended to increase. This trend depends on the availability of water resources.
The results of this study show that diversity, species richness and biomass production strongly varied through time and grazing intensity, Gamoun (2014) . The difference between grazed and ungrazed sites was attributed to removal by livestock. However, the temporal variation was mainly due to annual and interannual differences in precipitation.
Similarly, this study demonstrated that grazing consistently reduces diversity, species richness and biomass production, whereas its effects can vary depending on the water availability for vegetation. Also, the vegetation responses varied across the two-years-study. During this period, the biomass production at peak season in the protected site from grazing was 222. In regards of biomass production tendency, we can deduce that protection from grazing increased both of diversity and species richness in 2008, but they were affected or reduced in the dry year of 2009. Furthermore, protection in the driest year resulted in an increase in biomass and species number compared to the grazed site. This can be explained by the fact that under complete protection from grazing, some desirable changes may occur, such as an excessive litter accumulation that will change the habitat and can improve land microclimate and reduce soil evaporation. In addition, poor establishment and slow growth under extreme temperature can be supported by microclimate amelioration using other vegetation as nurse plants to provide shade or windbreaks and surface contouring. Thus, protection from grazing can improve the microclimate in the desert areas.
Weak biomass production in arid rangeland also has been reported for desert regions with less rainfall and less diversity, ranging from zero to several hundred grams per square meter (Noy-Meir, 1973).
The serious effects of grazing on diversity, species richness and primary production observed during this experiment can be interpreted as the outcome of the interaction between grazing and drought stress. There is a basic assumption that, with a low primary production, plant growth and diversity is limited by soil resources (mainly water and minerals). Thus, in the low biomass production range, in which the gradual increase in richness can be related to increasing availability of soil resources, richness was either unaffected or slightly reduced by grazing, most likely due to plant removal and trampling (NoyMeir, 1990 ). In 2009, diversity, species richness and biomass production continues to drop under grazing, probably in response to poor soil resources and to a parallel reduction of rangeland heterogeneity, due to removal by grazing of the palatable larger species. Without grazing, on the other hand, biomass production did not continue to increase in the driest year and was generally lower than in the grazed site during the wet year 2008. Thus, grazing interacts with hydrology, which had a larger effect on the vegetation in 2009. Decline in vegetation dynamic with drought could indicate reduced seed production, induced seed dormancy, or lack of seed viability (Hild et al., 2001 ). All together, these trends can be interpreted as a regressive succession due to grazing during the driest year. Within this context, it can be argued that unpalatable species are more susceptible to availability of resources and grazing. Otherwise, under continuous heavy grazing, in addition to a clear decrease of precipitation, the vegetation and growth of the palatable grasses are restricted due to selective grazing by livestock. Under long-term intensive grazing, a shift in species composition frequently involves the replacement of palatable plants by unpalatable plants and woody perennial species (Noy-Meir, 1995). Selective grazing can decrease diversity, but strong selection for grazing-tolerant plant species reinforced by stress drought greatly reduces diversity. Otherwise, during a drought and continuous grazing, the animal is compelled to supply large quantities of food while grazing any plant.
The drought conditions of 2009 reinforced grazing intensity which could greatly influence community responses to local disturbance, leading to a further loss of vegetation, intensifying the degradation process. A persistence of the present perennial species in pastures has often been considered to relate simply to its deeper root system and higher drought tolerance.
Previous research on rangelands has shown generally that grazing is a secondary factor affecting ecosystem processes whereas drought is a primary factor (Biondini et al., 1998; Heitschmidt et al., 1999) . Our results highly supported this conclusion with regards to grazing impacts but not as it relates to drought.
CONCLUSIONS
Protection can provide barriers against the impacts of drought and desertification by reducing grazing pressure on land and thus reducing desert formation and by maintaining populations of drought resistant plants to serve as emergency food during drought or for restoration. Droughts cause immediate problems of their own and also, in combination with factors such as changes in grazing pressure, create an increased tendency for desertification.
This study confirms previous observations that climatic variations, particularly droughts, control major trends in plant species composition, diversity and primary production. Under grazing, plants of desert regions are able to respond very rapidly to small drought. In desert rangeland, overgrazing, when pasture growth is restricted during the drought or summer high temperatures, can be an increasing degradation factor. In general, this study confirms that drought is the most debilitating risk in desert areas and that rangelands vegetation may be greatly depleted by the combined effects of grazing and drought.
Desert rangelands support the majority of Tunisia's livestock production and provide important wildlife habitats. Today, rangelands productivity is not satisfactory to feed the animals, and fodder supplies augment every year.
Forage production and grazing capacity also vary between years, depending on amount and distribution of rainfall and other climatic factors. The protection of natural vegetation may be the fastest and most cost-effective way of halting desert formation. Thus, understanding the interacting effects of drought and grazing on vegetation is essential for improving rangeland management. Accordingly, it is necessary that plants require a period of rest after drought and heavy grazing.
